Background: Primordial prevention is essential for promoting cardiovascular health and longevity through the socalled seven cardiovascular health metrics (CHMs) (i.e. smoking, body mass index, diet, physical activity, blood pressure, blood glucose and total cholesterol). Measures of muscle mass and function are recognized as powerful predictors of health-related events and survival. Therefore, the present study was undertaken to assess the prevalence and distribution of the seven CHMs and measures of muscle mass and function in an unselected cohort of community-dwellers. Methods: The Longevity check-up 7+ (Lookup 7+) project is an ongoing crosssectional survey conducted in unconventional settings (e.g. exhibitions, malls and health promotion campaigns) across Italy. CHMs are assessed through a brief questionnaire and by measurement of standing height, body weight, blood glucose, blood cholesterol and blood pressure. Muscle mass is estimated from calf circumference, whereas muscle strength and function are measured via handgrip strength and chair-stand testing, respectively. Results Analyses were conducted in 6323 community-living adults (mean age: 54 AE 15 years, 57% women) recruited between 1 June 2015 and 30 June 2017. Participants presented on average 4.3 AE 1.3 ideal CHMs, which decreased with age. Only 19.5% of participants met >5 ideal metrics, while 8.3% met <3. All seven ideal metrics were met by 4.7% of enrollees. Muscle mass, strength and function declined progressively with age, starting at 45-50 years. Conclusion Our population showed suboptimal CHMs scores, with very low prevalence of all ideal metrics. The number of ideal metrics decreased progressively with age and so did muscle mass and function.
Introduction
C ardiovascular disease (CVD) is the main cause of morbidity and mortality in developed countries, in spite of widespread implementation of preventive strategies and the development of effective therapeutic options. 1, 2 While primary and secondary prevention measures target individuals who have suffered a cardiovascular event or present with one or more risk factors, primordial prevention aims at promoting cardiovascular health at the population level. 3, 4 This may be accomplished through the assessment of various cardiovascular health factors and behaviors, including smoking, body mass index (BMI), healthy diet, engagement in physical activity, blood pressure, blood glucose and total blood cholesterol. 5 A recent systematic review found that meeting an increasing number of ideal cardiovascular health metrics (CHMs) was associated with lower prevalence and incidence of both CVD-related and non-CVD outcomes such as cancer, depression and cognitive impairment. 6 The authors also reported that the prevalence and distribution of CHMs was relatively homogeneous between US and non-US populations, with low proportions of people meeting six or more ideal metrics. 6 Besides traditional risk factors, skeletal muscle mass and function are increasingly recognized as powerful predictors of incident CVD and other relevant health-related outcomes. [7] [8] [9] [10] It is therefore plausible that the combination of the seven CHMs with 'unconventional' risk factors pertaining to muscle mass and function may provide a more comprehensive outlook of an individual's cardiovascular health and new targets for prevention.
The present study was therefore undertaken to collect information on the prevalence and distribution of CHMs and measurements of muscle mass and function in an unselected cohort of Italian adults living in the community. The time needed to complete the assessment and participant acceptance were also determined.
Methods
The Longevity check-up 7+ (Lookup 7+) project is an ongoing initiative developed by the Department of Geriatric Medicine of the Catholic University of the Sacred Heart (Rome, Italy). The initiative was designed to raise awareness in the general population on major lifestyle behaviors and cardiovascular risk factors. Since the program did not aim at testing any pre-specified hypothesis, no sample size calculation was conducted. A team of medical doctors, researchers, and nutritionists assess people visiting public places (e.g. malls and exhibition centers) and those adhering to prevention campaigns launched by our department. These locations are chosen because allowing for enrolling relatively unselected participants, outside of conventional healthcare or research settings. Candidates are considered to be eligible for enrolment if they are at least 18 years of age and provide written informed consent. Pregnancy, inability to perform functional tests and unwillingness to give written informed consent are considered exclusionary.
The study protocol was approved by the Catholic University Ethics Committee (protocol #: A.1220/CE/2011). The manuscript was prepared in compliance with the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) reporting guidelines for observational studies.
Study sample
The Depending on the setting, the initiative was advertized in newspapers, magazines and TV broadcasting. Visitors were also invited to participate by direct contact.
Data collection
People who accepted to be screened underwent individual assessments consisting of a brief questionnaire, the measurement of objective CHMs, and the evaluation of anthropometric parameters [BMI, calf circumference (CC)], and functional performance (handgrip strength and lower extremity muscle power).
Each Lookup 7+ evaluation was structured according to the same schedule: informed consent acquisition, lifestyle interview, measurement of blood pressure, body weight and standing height, CC, handgrip strength test, chair-stand test. Participant satisfaction with the Lookup 7+ evaluation was assessed through a 4-level rating scale ('Very satisfied', 'Satisfied', 'Neither satisfied nor dissatisfied', 'Dissatisfied').
Assessment of cardiovascular health metrics
The seven CHMs were assessed through closed questions and direct measurements. 11, 12 Smoking status was defined as follows: current smoker (has smoked 100+ cigarettes in lifetime and currently smokes cigarettes), never smoked (has never smoked or has smoked <100 cigarettes in lifetime) and former smoker (has smoked at least 100 cigarettes in lifetime but had quit at least 28 days before the interview). For the purpose of the analyses, smoking status was categorized as current or never/former smoker. Sedentariness was considered as the lack of involvement in any kind of physical activity for a minimum of two times a week. 13 To be assigned to the physically active group the following activities were considered: light walking for at least 30 min per session, cycling, swimming, running or practicing resistance training for at least 15 min per session. 13 An analogue medical scale was used to measure body weight, while body height was measured through a standard stadiometer. BMI was then calculated as the weight (kg) divided by the square of height (m). BMI was categorized as <18.5 (underweight), 18.5-24.9 (normal), 25.0-29.9 (overweight) and !30.0 (obesity). Healthy diet was considered as the consumption of at least three portions of fruit and/or vegetables per day. As previously reported, 14 daily intake of fruit and vegetables was calculated based on reference tables for the Italian population released by the Italian Society of Nutrition (SINU). Accordingly, three or more portions of fruit and/or vegetables correspond to >400 g, which is the minimum amount recommended by the World Health Organization. The use of three or more portions to identify a healthy diet is in line with Italian dietary habits for fruit and vegetables which are typically eaten during the main meals rather than as snacks. 15 Reference amounts are available at http:// www.sinu.it/html/cnt/larn.asp.
Cholesterol was measured from capillary blood samples using disposable strips based on a reflectometric system with a portable device (MultiCare-In, Biomedical Systems International srl, Florence Italy). 16 Total blood cholesterol was categorized as <200 mg/dl (if untreated), 200-239 mg/dl (or treated to goal) and !240 mg/dl. Lipid-lowering drug use was also recorded. Blood glucose was measured from capillary blood samples using disposable strips based on an amperometric system with a MultiCare-In portable device. 16 Participants who declared being diabetic and those who presented with a random blood glucose level >200 mg/dl were considered to be suffering from diabetes. Blood pressure was measured with an electronic sphygmomanometer according to recommendations from international guidelines. 17 Blood pressure values were categorized as <120/80 mmHg (if untreated), 120/80-139/89 mmHg (or treated to goal) and !140/90 mmHg. Antihypertensive drug use was also recorded.
The following findings were considered as ideal CHMs: never/ former smoker, regular engagement in physical activity, BMI 18.5-24.9, healthy diet, untreated total blood cholesterol <200 mg/dl, absence of diabetes, untreated blood pressure <120/80 mmHg. One point was assigned to each ideal metric, while a score of 0 was attributed to non-ideal categories. The CHMs score was finally calculated as the sum of individual items. 12 Estimation of muscle mass and measurement of physical performance
Muscle mass was estimated by measuring CC using a standard flexible tape, as described elsewhere. 18 Muscle strength was assessed by using a North Coast handheld hydraulic dynamometer (North Coast Medical, Morgan Hill, CA), as previously described. 19 Participants performed one familiarization trial and one measurement trial with each hand, and the result from the stronger side was used for the analyses. Lower extremity muscle power was determined by the chair-stand test. 15 The test, a component of the Short Physical Performance Battery (SPPB), 20 involves standing up from a chair with the arms folded across the chest five times in a row as quickly as possible. The time taken to complete the task was recorded.
Statistical analysis
Characteristics of study participants are described according to the different surveys. Data were analyzed to obtain descriptive statistics. Normal distribution of continuous variables was ascertained through the Kolmogorov-Smirnov test. Data for continuous variables are expressed as mean AE standard deviation (SD), whereas categorical variables are presented as absolute numbers and percentages. The primary focus of the analytic plan was to explore the distribution of CHMs and muscle mass and function measurements across ages and genders. To this aim, the study sample was divided in the following age groups: <25, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74, 75-79 and 80+ years.
Differences in proportions and means of covariates across genders and age groups were assessed using the Fisher's Exact test and oneway analysis of variance (ANOVA) statistics, respectively. All analyses were performed using the SPSS software (version 11.0, SPSS Inc., Chicago, IL), with statistical significance set at P < 0.05.
Results
During the enrolment time-frame considered for the present study, 6323 participants were recruited. The main characteristics of the study population according to the individual surveys are shown in Means and SDs for individual CHMs and cumulative scores according to age groups are shown in figure 2. Active smoking was more frequent among younger individuals, peaking in males aged 25-29. Past the age of 45, the prevalence of smoking decreased progressively reaching 6% in 80+ year-old men ( figure 1A) . Regular participation in physical activity was higher in young and old age groups, with a significant deflection between 35 and 55 years of age. In all age groups, men were more physically active than women (figure 1B). Conversely, adherence to healthy diet was more frequent in women. The prevalence of healthy diet was found to be around 60% in young and adult participants. The frequency of healthy diet increased starting at 55 years and reached about 80% in the oldest age group ( figure 1C) .
The BMI increased steadily up to 65-69 years in both genders and declined thereafter ( figure 2A) , with values >25 kg/m 2 observed in men of 35-39 years and in women at the age of 60-65. Underweight (i.e. BMI <18.5 kg/m 2 ) was detected in 167 participants (2.7%). As expected, systolic and diastolic blood pressure levels increased progressively with age starting at around 45-49 years ( figure 2B and 2C ). Blood cholesterol levels were significantly higher in middle-aged participants compared with younger and older age groups, without significant gender differences ( figure 2D ). Blood glucose increased progressively with age starting at 50-54 years (figure 2E). Conversely, CHMs scores decreased with advancing age in relation to a greater number of risk factors among older participants (in particular, blood pressure and blood glucose) (figure 2F). Women showed better scores than men in all age groups.
Muscle mass and muscle strength declined significantly past the age of 45 in both genders ( figure 3A and 3B) . Similarly, lower extremity muscle power remained stable between 18 and 40-44 years and declined thereafter in both genders ( figure 3C) .
Finally, the vast majority of participants (4917; 82%) declared to be very satisfied with the initiative, 688 (14%) were satisfied, 148 (3%) declared to be neither satisfied nor dissatisfied, and only 49 (1%) were not satisfied. Each Lookup 7+ evaluation required on average 12.8 (SD 1.6) min to be completed, with no significant differences across genders, age groups or settings.
Discussion
In the present study, the prevalence and age-related differences of established CHMs were explored in a large and relatively unselected sample of Italian community-dwellers. Patterns of muscle mass and physical performance decline with age were also determined to obtain a more comprehensive characterization of the participant health status. These investigations were made possible through the implementation of a simple and quick screening tool.
Participants of the Lookup 7+ project met an average of four ideal CHMs, a slightly higher number than previously reported in other European and US surveys. 11, 12, 21 Only two out of 10 participants met >5 ideal health metrics, while almost one out of 10 met <3 ideal metrics. High blood pressure, elevated blood cholesterol and sedentariness were the most prevalent non-ideal CHMs. In contrast, diabetes and active smoking were the least frequent risk factors.
The present data also indicate that muscle mass, strength and function decline across age groups, starting at approximately 50 years. Noticeably, advancing age is accompanied by substantial changes in body composition and, as a consequence, in glucose and lipid metabolism. 15 Declining muscle mass and increases in adiposity are also independently associated with the development of hypertension. 22, 23 Alterations of glucose and lipid metabolism, deterioration of body composition and high blood pressure describe the so-called metabolic syndrome, the prevalence of which is well known to be higher in older adults. [24] [25] [26] Smoking cessation in late adulthood and old age is a welldescribed phenomenon and so is the increased propensity to follow a healthier diet compared with younger people. 27, 28 This latter finding is in line with a report by the Progressi delle Aziende Sanitarie per la Salute in Italia (PASSI) survey, in which the prevalence of healthy diet was indeed higher in late adulthood and in women. 29 In contrast, the consumption of fruit and vegetable reported by the Lookup 7+ population seems to be higher than that reported by the Osservatorio Epidemiologico Cardiovascolare/ Health Examination Survey. 30 Though, the different way healthy diet was defined in the three surveys impedes a thorough comparison among the studies. Quite unexpectedly, older Lookup 7+ participants declared to engage in regular physical activity more often than middle-aged enrollees. Remarkably, almost 30% of the youngest Lookup 7+ enrollees declared not to be engaged in any kind of physical activity, a moderately higher percentage than reported by Teleman et al. 31 among Italian university students. Overall, the present data support the fact that the age between 35 and 55 years is critical for cardiovascular risk. Indeed, in this age group, a generalized worsening of CHMs was observed. It is also noteworthy that during this period of life, muscle mass, strength and physical performance begin to decline. Middle age is therefore a crucial time for implementing specific screening and prevention campaigns to foster active longevity. 3, 13 This would allow for preventing irreversible cardiovascular damage to accrue and delaying the decline in physical function. In this context, a screening tool such as the one implemented in the Lookup 7+ project may serve as an easy-to-apply instrument to raise awareness on cardiovascular prevention in the general population and promote public health, especially outside of conventional healthcare settings.
Albeit dealing with a highly relevant issue, the present study presents some limitations that deserve being discussed and taken into account in the interpretation of results. First, although a priori selection criteria were not set, candidate participants had to be able to reach shopping centers or exhibition places. This requisite may have selected a relatively healthy and functionally competent population. Since the initiative was mostly advertised in newspapers, magazines and TV broadcasting, the response rate could not be Figure 2 Mean body mass index (A), systolic blood pressure (B), diastolic blood pressure (C), total blood cholesterol (D), blood glucose (E), and cardiovascular health metrics score (F) in men and women across age groups. Data are shown as means AE standard deviations (n = 6323) calculated, which may limit the representativeness of findings. Although anthropometric measures are frequently adopted for estimating lean body mass, they do not represent the gold standard for the quantification of muscle mass. 32 However, the measurement of CC provides an easy-to-apply, inexpensive, noninvasive and reproducible means for muscle mass estimation, particularly suitable for community-based studies. [13] [14] [15] 18, 19 The study setting may have influenced the assessment of some CHMs. Indeed, random cholesterol and glucose determinations could overestimate both parameters. Furthermore, cholesterol and glucose levels were determined in capillary blood samples. Although this procedure was previously validated, 11 the error of portable devices is higher than with standard equipment. Despite the fact that blood pressure was measured following international guidelines, it is possible that the setting may have influenced the measurement outcome. Since evaluations were performed throughout the day, the possibility cannot be discarded that some participants may have been walking for longer time than others, which could have an impact on their performance levels. To limit this potential bias, participants were allowed to rest until they felt comfortable with the strength testing. Finally, results were obtained from cross-sectional surveys and differences in birth cohort might have influenced some parameters. For instance, the higher prevalence of healthy diet observed among older participants could be related to an intrinsic attitude of this birth cohort and not be associated to an actual age-related change.
Despite these limitations, the Lookup 7+ project offered the unique opportunity to investigate the prevalence of CHMs and age-and gender-specific trends of muscle mass and function in a large sample of Italian community-living people. Our project showed that a quick, yet rather comprehensive screening program provides useful health information at the population level, besides being very well accepted by participants. The Lookup 7+ project may therefore represent a prototypical approach to raise awareness on unhealthy behaviors and cardiovascular risk factors in the general population.
The implementation of the cardiovascular health metrics paradigm may be used to raise awareness in the general population on major lifestyle behaviors and risk factors for cardiovascular disease. Skeletal muscle mass and function have emerged as novel predictors of incident cardiovascular disease and other health-related outcomes. Overall, participants in the Lookup 7+ project met <5 ideal cardiovascular health metrics. Only a small proportion of enrollees met all seven ideal metrics. The number of ideal cardiovascular health metrics was higher in women and declined with advancing age. High blood pressure, elevated blood cholesterol and lack of physical activity were the most prevalent non-ideal cardiovascular health metrics. Diabetes and active smoking were the least frequent risk factors. Muscle mass, strength and function declined progressively with age in both genders, starting at 45-50 years.
